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HYBRID MICROCIRCUITS

FABRICATION AND ASSEMBLY - STATUS, 1980

I NTRODUCT ION:

Hybrid technology provides the means for asseMbling all major cate-
gories of electronics in relatively small enclosures to fulfill system size
requirements which cannot be met by ,iore conventional packaging techniques.
Analog and digital circu~ts as well as microwave modules are made in hybrid
form. The enclosure contains an insulating substrate with deposited net-
works, generally conductors and resistors, to which semiconductor devices,
integrated circuits, and passive elements are attached in chip form.

The development of the transistor and associated minicomponents accel-
erated miniaturization and the growth of electronic applications. New
complex products requiring large numbers of components resulted in inter-
connection proclems which were resolved mainly by the development of mono-
lithic integrated circuit technology and of the thick and thin film tech-
nologies defined below.

Interconnections formed as part of the silicon in monolithic inte-
grated circuits are supplemented by thin and thick film patterns on the
insulating substrate. Since all system electrical requirements cannot be
met solely by only one or the other of these technologies, integration of
the several technologies into one package has been achieved by the hybrid
microcircuit technology.

DEFINITIONS:

a. Monolithic Technology:

Circuit elements formed (by diffusion, ion implantation, evaporation)
in situ or within a single semiconductor chip (silicon) to perform an elec-
tronic circuit function. Chips are nQrmally of 9 to 14 mils (225-350Nm) in
thickness and up to 0.40 cm (0.06 in') in size.

b. Thin Film Technoiog,:

Electronic elements or networks formed (by vacuum evaporation,
sputtering, anodization) on a supporti g material (substrate). Film
thicknesses are less than 5 ,im (50000 ) and usually in the order of 0.03 to
1 .0 k'm.

c. Thick Film Technology:

Electronic elements or networks screened (liquid or paste printed
through a screen or mask) onto a supporting material and fired. Film
thicknesses are usually lOljm or greater.



DESIGN, FABRICATION AND TESTING:

The design begins with the analysis of the schematic diagram of the circuit
designer. From the analysis, thick and/or thin film materials are chosen along
with the chip components which include uncased active and passive component parts.
The basic geometry which defines the dominant parameter of each film type circuit
element and the position of each component is designed next. After establishment
of the deposition sequence for the individual layers of film materials, master
patterns for each layer are prepared. From these, photoreduced transparencies are
made for photo-lithographic fabrication of the masks used to deposit or define the
film geometry on the substrate after which the chip parts are mounted, attached and
interconnected to the film circuit.

Maximum circuit yield with related cost effectiveness necessitates design with:

(1) An optimum number of add-on components per substrate,

(2) A limitation on the range of resistance and capacitance values and toler-
ances,

(3) Minimum usage of inductors and transformers, and

(4) Division of the circuit into testable subfunctions.

Film depositions and assembly procedures with process and quality controls,
ensure adequate performance and reliability. A flow dic-ram (Figure i) indicates
a typical sequence of manufacturing operations from the circuit schematic through
delivery.

Hybrid microcircuits, normally packaged in hermetically sealed enclosures to
satisfy environmental and life requirements, can be subjected to a variety of
screening procedures as defined under the International Society of Hybrid Micro-
,electronics (ISHM) Hybrid Microelectronics Standard Specification Guidelines.
These screening procedures, extracted from military specifications (MIL-M-38510) and
(MIL-STD-883) for microelectronics, may be carried out to insure that the circuits
achieve levels of quality and reliability commensurate with the intended applica-
tion. Specification ann quality control at the material and process level and
final product assurance are defined in control documents by each manufacturer.

HYBRID MICROCIRCUIT APPLICATIONS:

One typical hybrid application is a pulse restorer circuit used as an unattended
repeater in a two-way pulse code modulation system. The circuit schematic is
shown in Figure 2. The physical layout of this linear type circuit (Figure 3)
includes an alumina substrate with two-layer thick film gold conductors, integral
thick film resistors, and chip transistors, diodes, capacitors and inductors. The
fabricated circuit is shown in Figure 4 before and after packaging in a 32 pin
2.3" X 1.4" (5.8 cm X 3.6 cm) platform style package .

Another example is u dinital processor circuit used in electronic counter-
measures radar jamrinq sytervs (Figure 5). The 2.0" X 3.0" (5.1 cm X 7.6 cm) sub-
strate includes six thick film conductive interconnection multilayers with over
100 chips, inluding large -cale integrated (LSI) microprocessors, RAMS, ROMS and
other small scale (SSI) and medium scale (MSI) inteqrated circuit types. Most of
the layers include over 1000 vias, and all metal layers are densely populated with
interconnections consisting of 10 mil lines (0.25 mm) and 20 mil (0.51 mm) centers.
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A third example is a ncruw ac phase shifter;irnuit, ut-lized repetitively on
a phased array radar arntenna (F igur- 6). ,he 2>" ciav%,;ter (f.4 cm) substrate con-
sists of a goldthick Film microstrip distributed retworK and includes 30 thick
film capacitors and 15 PIN diodes connected through stbstrate vias to the thick
film ground plane on the backside of the, substrace.

FILM COMPONENTS:

Thick ania thin film nctworks in ,udoe the depositioni of passive circuit ele-
ments in a predetermineo geometric pattern on tre surface of the insulating sub-
strate (Figure 7). Deposited thin films ca!) e mde with precision and stability
for the diverse re p uirenents of linear circuits and can be fabricated with finer
lines than those achievable witn thick films. On the other hand, the popularity
and extensive growth of the thick filn technology na,, led to the development of
improved pastes and becter printing equipment resuiting in high quality films with
improved screening properties for ease of fabrication.

Resistive Elements: Resistors are described in terms of sheet resistance (ohms
per square), which is actually the resistance of a square of the film material.
The resistance varies inversely with the film thicknrss. The final value of the
resistor is determined by its length to width ratio (Figure 8).

Capacitive Elements: Capacitors are fabrictited from two layers of conductive
material (electrodes) separated by a dielectric layer, the capacitance (C) being
a function of area, dielectric constant and dielectric thickness:

Eo = Permittivity of Free Space A = Area of Electrode

C EoKA
t K -D ielectric Constant t fielectric Th-ickness

Anodic tantalum oxic c(aacftors, an inteqral part of the well established
tantalum thin film hybrid icrocircijt technology, are the most thoroughly studied
and developed. The use of thick tim capacitors is relatively limited when com-
pared to the extensive use of thick film resistors and conductors. These capaci-
tors are difficult to fabricate to close tolerances, require large substrate areas
to achieve high capacitance values, and are plagued with certain dielectric limita-
tions.

Inductive Elen;ents: Flat spiral inductors are made by printing or defining con-
ductor patterns of an appropriate spiral design directly onto the substrate. Such
configurations exhibit relatively low Q factors and also require premium substrate
area to achieve higher values since the inductance is directly proportional to the
overall size and the number of turns.

Microstrip: Microstrip is the transmission line and basic building block
for hybrid microwave microcircuits. Microstrip is a planar structure consisting
of the dielectric substrate, a conducting strip for the conductor pattern on one
side of the substrate and a conducting ground plane on the other. The transmission
line is required to provide matched interconnections, various passive components
including resonators and filters, and integral parts of phase shifters, isolators
and circulators. The geometry is nonsymmetrical and a portion of the electro-
magnetic energy is contained in the medium above the conductor. The mode of propaga-
tion is a pseudo TEM mode which results from the unsymmetrical nature of the trans-
mission line; however, conformal mapping techniques and design curves have been
developed for the design of microstrip lines with reasonable accuracy.

9
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TABLE 2. FILM ELECTRICAL PROPERTIES

RESISTORS THIN FILM THICK FILM

Sheet Resistance (ohlns/sq) 10-250 10-1O00M

Resistance Range (ohms) 5-300k IO-IO0OM

Initial-Resistance (Tolerance %) 1 10 ± 15

With Trimming (Tolerance 7) .005-1.0 0.1 to 2.0

TCR (ppm/0C) 5-50 50-200

Matching TCR (ppm/0C) I ± 10

Power Dissipation (W/in2) 25-100 50-200

Sait1/cyr ) 3.9-15.5 7.8-31.0
Stability /yr 0.1 0.5

CONDUCTORS

Sheet Resistance (ohms/sq) 0.015-0.30 0.0017-0.060

Line Resolution (in) 0.001-0.010 0.007-0.010

CAPACITORS

Dielectric Constant 6 and 2E 10-2000

Capacitance per area (pF/cm ) 0.008-0.05 0.003-0.037

Range of Values lpF-0.02;,F 2pF-0.21iF

TCC (ppm/°C) +100 +50 to -187

Allowable Stress (V/cm) 2x10 6  2x10 5 (500 V/mil)

Operating Voltage (V) 20 100

14
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relatively high density packaging. The military is now supporting efforts to
make integrated circuits in hermetic chip carriers available for hybrid and
other circuit assemblies.

Resistors:

Thick and thin film resistor network chips are well developed tech-
nologies with a wide range of values, excellent characteristics and stabilities.
Discrete chip resistor use is limited to special conditions where very low or
high values may be needed, to eliminate an extra printing sequence, or to
conserve circuit space. The number of circuits to be produced will affect

whether or not to use the chips. A wide variety of ceramic and silicon chips
of the thick and thin types and of the diffused type are available. The
latter type, which uses the bulk resistivity of silicon, is available in
extra small sizes but finds limited application because of the relatively poor
resistor characteristics.

Capacitors:

The limited availability of capacitance per unit area by the thick and
thin film techniques and the difficulty in printing thick film capacitors to
close tolerances make chip capacitors attractive for hybrid microcircuit
application. The variety of capacitor chip types include silicon MOS, porce-
lain, ceramic, tantalum and glass.

The most commonly used is the ceramic type (class I-II), which has a
wide capacitance range, a variety of performance characteristics and high
volumetric efficiency. Class I has lower K dielectrics (70-500) and linear
temperature coefficients and is used in circuits which reouire stability and
low loss (high O) of dielectric characteristics over the operating temper-
ature range. Class II dielectrics (K > 500) exhibit non-linear character-
istics, with the capacitance and dissipation being voltage, frequency, temp-
erature and time dependent. Silicon MOS chips offer small size but are
limited in value. Porcelain, tantalum and glass capacitors are used for

special applications.

Inductors:

Where possible,film inductors have been designed out of hybrid micro-
circuits because of their relatively limited characteristics and inefficient
space utilization. Likewisediscrete inductors have been considered too
large for microelectronic application; however, improvements in core materials
and wire-winding have resulted in inductive components which are more size
compatible for hybrid microcircuit application. Miniature fixed inductors are
formed by winding fine wire on a small cylindrical magnetic ferrite of powder-
ed iron core and are available over a relatively wide range of values. These
fixed inductors are available also in a tunable form with comparable induc-
tance values over the range 0.023 to 5800 uH with a tuning range of 2:1. 5:1
or 10:1 dependent upon size.

ASSEMBLY TECHNIQUES (DEVICE AND WIRE BONDING):

The bonding of dice or chips and other discrete devices is another basic
proce.s in the assembly of the hybrid microcircuit following fabrication of
the thick and thin film components. Bonding can include eutectic alloy,
solder, epoxy, wire, tape, flip-chip and beam-lead technologies. In principle,

16



an opti u die bond in, 1,;t. t'od i, kin- thoat reo is Lhe device' s mechanical
attachment to the tubsrate ,nc t(4 'lectricl ,_oitacT s the circuit by a
single bondinq process. Flii,-cli,, an n ]em n.,I 'epresent such single bonding
processes. Neither one however, has been al;Ie ;o become the prime technique
in t:e hvhrid m icr'(, i r'(a t field. Lpoxv b . inq is the most common, and
eutectic bonding i. .wid-,l sed. mechani-cl attachment process. Wire bonding
is the most ex tensivel v u. d intf,ronnect. process.

[utectic Bonn!; '

Essentiay irv Lype ): semiconductoi cmnip i:ay be back-bonded to the
thick or thin film ,ubstrate by eutectic bhnd ,n. The technique uses the
silicon from the (hip and the gold on the substrate to form a silicon-gold
eutectic alloy at about 3700C. The substratEe :s kept at approximatey 4000*C
while the chip is scribbeo" or vibrated over the old land area resulting in
the alloy wh,'ch sohidifies on coolino to forrv an ohmic contact. The ohmic
contact is important for connecting the co '.>ctor on the back of a transistor
die to the substrate. Bonding is also done with prefor's of gold-silicon.
Gold-tin eutectic preforiis are used when a lower (2800C) bondinq temperature
is desired for heat sensitive devices.

Solder Bodinq:

Solder bonding is similar to eutectic bondinq and is used for moUnting
active and passive devices to the hybrid substrate. Various soft solder pre-
forms, consisting of tin anc lead based syszems, are used with melting temp-
eratures in the order of 180°C to 3000 C. Solders are also available as oastes,
are specifically designed for thick and thin film circuits and can be applied
by screen printing, irushino, dipping or with a syringe to prnvide bondino
alloys for device attachmenL.

n po. >v ondin.:

Hybr id orsi, ari reoLire increasi n( nur'nrers of integrated circuits on
the substrat.. A\s the complexitv of the hybrid ";icroci-cuit increases,
there is1 a ( ,re tn oep tn, s,,bst ate at a lower teperature during device
mounting tr avr I; wjn ,Iegrod.,.lon of the active devices' characteristics
during pro:lrc. ,'.". 7e use of polv:.or adhesives (epoxy com;)ounds',
for chip bondin,: ' c' ol,f. from such a ianufactsrinc standpoint because of
the relatively low t ,rat're (- 150cC) recuired for ciring the epexy, the
relative easo n- aqdiicatia)n ano the strenth and reliability of the bonds.
Epoxies exis t i r crduc v,- ,-nd noncondurcive fo-ris, with iold or silver fill-
ers for the C,)I;(4te vrt . ",. "r-e use of oqarnic -,r polveric material inside
a hybrid iicror :' t (a.ke ha, Lteon of coecrrn from a reliability point of
view, hut toonc rtovelop:,erit of imprcved miaterials s,)ecifically for electronic
applications has le to tne ,eneral consensus that, if proierly selected,
controlled and appo' c, microelectronic v adresives are satisfactory for
most hybrid micr'o ii uik hnndin pi ol ication'

Uire Bondinj:

After hondinq ti. on.i!, to the ltra t, -ine aluninum or gold wires are
used to make olectricil contact between t,(, I rtalllized chip pads and the con-
ductive network on tro substrat, (Fi,1,,re ra). The most commonly used wire
diameter is I.,l Iil with avaiiciole diarotefrs ran(qinc frorm 0.7 to 20 mils.
Wires are bonded on( at a ioe acrh .,,re rip: uinq the making of two bonds.
Wire bonding technique, include thorn,,o.ioression bonding (pressure and heat),
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ultrasonic bonding (f tction ct wire -pai interf ace and col weldinq of wire)
and thermosonic bon(in_ (a coicbiiiation of the f(<:-:cr two processes). Poor
physical connection- and chemical 'ections thcrv:een the wire and the thir film
pads on the die, and between the wire and the thin or thick tiIm land aredb
on the substrate, can occur with imp-roper 1-c ,ir, controls, thereby making
wire bonding one of the weakest parts of rhe rybrid microcircuit assembly
process.

Flip Chip Technology:

FliP cl;j ( ij rt, 9d), perfor . both -e( trcica und i ecnanical connection
after the chip is, inverted and horded fare down to the substrate interconnec -

tion pattern. A raised metallic b:ump of solder is made on each of the chip
bonding pads with the bump correst'ondnq to the conductive land areas on the
substrate. Bonding is normally carried out by reflow solder techniques with
the bonds being made simultaneously, eliminating one wire and its two bonds
per connection. Disadvantages include inability to make visual inspection of
the bonds and limitations in removing heat since the chip is not in intimate
contact with the substrate surface. More importantly, flip ch'ips have limited
availability to most hybrid manufacturers because of reluctance of semiconductor
manufacturers to convert to this technology, the bump processing steps adding
to the total proces;sing cost of a wafer. Tre technology has found application
almost exclusively by !BM and several other largie hybrid microcircuit manu-
facturers.

Beam Lead lechnolony:

(Figure 9c): Gold beams (3 mils wide, 5 oils long, spaced on 10 mil
centers) are formed as an inherent part of tne integrated circuit chip during
the processing of the silicon wafer. The metallurgy and sealed junction used
for the wafer processing, ke the beam leaded device one of the most reliable
type chip configurations. The beams are exposed and extend over the edge of
the chip after the chip's separation frow, the wafer. The chin is inverted
(face down) and the beam leads are attacied simultaneously to the substrate.
The chiio remains lihtlv elevated aove the ",hstrate ano therefore, like theflip chip, is limited in power dissipation capability.

The technolocy developed b.y 30-1 Laboratories is limited to usage almost
exclusively Py toe Western Electric Syster:r: Like t he Eli> c-ip technology,
it has not found a wide case in toie hybrid microcircuit field because of the
general reluctance of semiconductor r;anufacturers to replace conventional
mainstrear, almiinutn chip metalIization technology. Future application may be
further limited since the beam leads were developed for bipolar silicon SSI
and MSI devices and are not available for VCS and bipolar LSI type devices.

Tape Bonding:

(Figure 9b): / tape with copper foil laminated to it acts as a carrier
vehicle for semiconductor chio)s. The foil, etched in the form of gold plated
copper leads, is bonded to metallurgical bumps on the chip pads, after which
the chip and the attached leads are excised from the tape and bonded to the
substrate. The technology lends itself to mass production, is an established
method for individually packadinq integrated circuits, and has been under
active development for hybrid microcircuit application durino the past five
years. In addition to elimination of the wire bonding, the technology permits
pretesting and burn-in of chips on the tape prior to the substrate mounting,
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a capability which is relatively diitiuolt fn(I riormally avoided with any of
the previously def ined eicectrica, 2 ondi(ine tecnriolccie . Pretesting of chips
is extremely important to hybrid micro rcuits reducino rework during circuit
fabrication and increasing circuit yields. For hybrid microcircuit appli-
cations, tape is uneconomical if the number of chip types is large and if the
number to be produced is small. These disadvantanes must be overcome if the
tape technolooy is to firid wide usaoe in hybrid microcircuits.

PAC F.", NC:

Packages provide mechanical and environmental protection and include
bonding areas for electrical connection between the microcircuit and package
leads. Fack'a;e> contigurations include a variety of types incluoinn round
header with pin outs for small size circuits, flatpack (or butterfly), plat-
form (or plug in), and other special types. Hybrid packages have tended to
grow in size and packages as large as 2.0 X 4.35 inches with 180 leads and
packages with 240 leads have been supplied for special applications. Packages
are normally defined under 3 classifications: metal, ceramic ,and plastic.
The majority of hybrid packages used today arc ',lde of a Kovar type alloy
(Iron-Nickel-Cobalt) of thermal expansion to ,-ich the expansion of borosilicate
glass for the terminal (lead) seals. Ceramic nas:kaaos (alumina) include brazed
or fused leads. Metal covers are normally goid plated to ensure a positive
weld or seal. Ceramic lids are available with retal seal rings or glass pre-
forms where alumina covers are preferred. VIost hybrid microcircuits, partic-
ularly for the military, are hermetically sealed to prevent moisture from
penetrating the package and adding uncertainty to the electricaj behavior and
life of the enclosed circuit. Hermetic lid sealing can be achieved with both
metal and ceramic packages using either the qlass or metal seals. Metal seals
are most popula',-. The resistance seam weld technicup is most popular for all
metal packages and solder sealing is preferred for ceramic packages using
metal lids. Organic polymer materials (epoxies) can be used for sealinc, but
such materials are not trulv hermetic as polyers permit moisture to penetrate
the seal at a rate which i '- a function of the temperature. relative humidity,
and type of material. Such organic seals, and polymers used as encapsulants
over an entire hybrid microcircuit (plastic package), are not commonly used
in military systems but are successfully employed in many commercial appli-
cations, particularly where cost factors are significant.

CONCLUSIONS:

The hybrid technology provides the means for assembling analog, digital
and microwave circuits in relatively small enclosures. Electronic needs that
are beyond the range of monolithic integrated circuit technolooy have been
satisfie! by combining semiconductors with thin or thick film interconnections
on ceramic substrates. The hybrid technolacly continues to fill the gap that
exists between an all dircrete part system and a complete monolithic technology.

The technology has played a significant part in the desian of many types
of military (DO,) and aerospace (NASA) electronic eouipments and for commercial
radios, computers, telecommunication and automotive applications. A general
Growth of the technolocy is predicted ducino the 19's, particularly for
commrercial applicatinn - . For the military, cir it complexity and related
assembly and tevtinr car make hybrid appljO Of.. ,,Wt-ly. This relatively
high cost ma,. become (I l li;iting factor in future military apnlications other
tran where weight and voluZIn are overridion fators.
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The miturity of the technology is noted hy tee Nirety of circuit types
for new military and commercial applications and the resolution of basic fab-
rication problems as hybrid circuit comlexity has kept pace with the evolu-
tion of monoiithic circuits from %i to VLS. For the military, problems
which still need resolution include lack of efficipncy in microwave hybrid
module manufacturing, particularly for repetitite n oules in antennas, and the
continuing need for overall new (automated) cost efficient processina, manu-
facturing, packaging and testing techniques.

Future interests tend toward hih s-peed, hinh throughput signal and data
processing, particularly in support of reouirements for military systems in
the mid-eighties and beyond. New circuit packaging approaches will be required
to keep pace with the new hiigher density, very hiqh speed integrated circuit
(VHSIC) technology.
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